Recent measurements and paradigms suggest that (1) the uptake of dissolved carbon and nitrate by phytoplankton may be greater than the Redfield ratio of 6.6 and (2) the oceans may be loosing nitrogen from an imbalance in the global rates of nitrogen fixation and denitrification. An analysis of concurrent ADIC/ANO 3 depletion ratios within the Venezuelan and Peruvian upwelling ecosystems, indeed, suggests that values of 10.1-28.6 may pertain to these tropical eutrophic habitats. Nitrogen fixation may provide a Redfield balance in at least the former system, with 34-77% of the new production attributed to assimilation of N2. Independent confirmation of such new production on the Venezuelan shelf is provided by the interannual increases of H2S and DIC within the adjacent Cariaco Trench. Introduction With the exception of Cooper's [1933a, b] observations during 1930-1932 in the English Channel, few time series of total dissolved inorganic carbon (DIC) (CO: + HCO3 + CO3) and nitrate depletion by phytoplankton were available, when the Redfield ratio of element utilization was formulated in the same time period, from 1933 data on DIC/NO3 regeneration in the Sargasso Sea IRedfield, 1934]. Despite Cooper's mean ADIC/ANO3 depletion ratio of 20.4 at three stations during February-August and citation of his first paper by both Redfield [1934] and Redfield et al. [1963], early and more recent models of carbon/nitrogen (C/N) cycling by marine plankton continued to invoke a "standard" C/N ratio of 6.6 by atoms [Richards, 1975; Walsh and Dieterie, 1994]. It was thus somewhat of a "surprise" [Sambrotto et al., 1993; Banse, 1994] when field studies of the 1980s found the same high ratios of the DIC/NO3 stocks left behind in the water column. The modern time series of in situ ADIC/ANO3 depletion ratios were first taken within polar regions of the Bering and Bellingshausen Seas [Codispoti et al., 1986; Karl et al., 1991], where all types of cyanophytes are thought to be rare at temperatures of <10øC [Bidigare et al., 1992; Azam et al., 1991]. These high-latitude field estimates suggested atomic C/N uptake ratios of --• 12.2 during new production, similar to a mean of 10.2 encountered during diatom blooms on Georges Bank and in the North Atlantic [Sambrotto and Langdon, 1994], that is, almost twice the Redfield ratio. Previous discrepancies in •4C/•5N estimates of element assimilation by phytoplankton had been rationalized by invoking either other sources of organic nitrogen [Walsh and Howe, 1976] or uptake of nitrogen at lower light levels [Walsh and McRoy, 1986]. Since the DIC left throughout the water column during a diatomaceous bloom is mainly a balance of what is removed in photosynthesis and the amount respired during recycling of ammonium and urea, the ADIC/ANO3 ratio is considered to be that of new production; calcite formation, nitrification, and air-sea exchange should then all be relatively small factors. Organic sources of nitrogen and depth-dependent photosynthesis are thus also unimportant, leaving open the possibility of phytoplankton excretion with high dissolved organic carbon (DOC)/dissolved organic nitrogen (DON) ratios; unfortunately, the usual release rates are --•5% of those of primary production [Walsh, 1995]. Another time series in a subtropical region of a mean surface temperature of 23øC yields even larger in situ C/N uptake ratios of > 100 at undetectable nitrate concentrations of <0.05 /xg-atoms at NO 3 kg -1 in the Sargasso Sea [Michaels et al., 1994; Bates et al., 1996]. Nitrogen fixation is invoked as a source of new production around Bermuda, in the absence of much nitrate and with dismissal of significant atmospheric deposition of DON [Cornell et al., 1995]. The large colonial diazotroph Trichodesmium thiebautii is thought to be rare here [Carpenter and Romans, 1991], however, but the smaller cyanophyte Synechococcus spp. does fix nitrogen, at least in laboratory cultures [Mitsui et al., 1986, 1987]. Within oligotrophic tropical waters of 25øC around Hawaii, recent increases of primary production and of dissolved organic matter have been attributed to greater abundance and nitrogen fixation of T. thiebautii [Karl et al., 1995]. This diazotroph is common at >20øC and reaches its maximal growth rates at 25ø-30øC [Carpenter and Romans, 1991]. If nitrogen fixation is also important in eutrophic tropical waters, where 20,607 20,608 WALSH: NITROGEN FIXATION WITHIN UPWELLING ECOSYSTEMS 11
>5/xg-atoms NO 3 kg -1 can be found at the surface, we must change our past views of nitrogen limitation in marine ecosystems, even on the continental shelves [Walsh, 1991] .
One last time series of ADIC/ANO3 depletion has also been ignored within coastal waters, those off Venezuela [Okuda, 1975; Avila-Melean, 1976 ]. Most importantly, it was located (station 1 of Figure 1) next to a natural sediment trap of the Cariaco Trench [Richards, 1975] , which will provide us with an independent assessment of the new production during this [Okuda, 1975; Avila-Melean, 1976 ] is available from the coastal upwelling ecosystem on the inner Venezuelan shelf, south of the Cariaco Trench, where additional information exists on the distributions of DIC [Deuser, 1973] , nutrients [Richards, 1960 [Richards, , 1975 Garcia et al., 1983] , nitrogen gas [Richards and Benson, 1961; Cline, 1973] , and phytoplankton species composition [Margalef, 1965; Ferraz-Reyes, 1983 ].
During 18 sampling periods between April 1973 and March 1974, nitrate was measured at 10-m depth intervals above the 90-m isobath of the Gulf of Santa Fe by a spectrophotometric method [Strickland and Parsons, 1972] . The concurrent DIC stocks were indirectly estimated [Postma, 1964] by alkalinity and a p H meter with a precision of 0.01 [Strickland and Parsons, 1972] . Another 20 stations were taken here for additional nutrient analyses between August 1972 and April 1975 [Okuda, 1975] .
During 1982 , 1976] , and at 100 m in the adjacent Cariaco Trench during July 1971, with the direct DIC method [Deuser, 1973] . At a deeper depth of 800 rn in the trench, we will also find that the different direct DIC methods give results which are consistent with sulfide data, measured the same way over a 25-year period [Cline, 1969] . I use these original data sets to assess the impact of nitrogen fixation on a Redfield balance of carbon/ nitrogen cycling from the perspectives of (1) nitrate formation, (2) ADIC/ANO3 depletion, (3) N 2 removal, (4) diazotroph abundance, (5) DON release, and (6) export utilization on the Venezuelan shelf and slope.
Results

Nitrate Formation
In response to seasonal migration of the Intertropical Convergence Zone [Muller-Karger and Aparicio, 1994], the weakest upwelling occurs along the Venezuelan coast during the rainy season of September-November [Okuda, 1975] (Figure 4) , reflecting the depletion of carbonate ion (Table 1) The Peru upwelling system is fourfold to eightfold more productive [Walsh, 1988] (Figure 4), the endosymbionts could  also fix [Villareal, 1990; T. A. Villareal, unpublished data,   1992], respectively, 0.003-0.030 /xg-atoms N kg-• d A stoichiometric model of sulfate reduction of organic matter [Richards, 1975] 
Discussion
Prior estimates of carbon sequestration in both oligotrophic and eutrophic ecosystems over 30øN-30øS, outside of anoma-lous equatorial upwelling regimes, assumed that a polar paradigm of nitrate-driven new production also determined export of tropical carbon to the deep sea [Taylor et al., 1991; Walsh and Dieterie, 1994] . Such hubris reflects the dearth of ecosystem studies in tropical waters, compared to those in temperate, or even, polar waters. Analysis of disparate data sets from the Venezuelan upwelling ecosystem now suggests that nitrogen fixation may instead account for 34% of the new production during strong upwelling and 77% during weaker influxes of nitrate. Nitrogen fixation may also explain the unexpected observations of undersaturated CO2 conditions at seven of nine stations within upwelled waters along the Chile coast [Kelley and Hood, 1971 , 1991] , if this large cyanophyte is the major diazotroph. A greater role for the small, ubiquitous Synechococcus spp. may lead to increased nitrogen fixation within temperate regions as well. In diatomdominated polar areas, where a recent estimate of the ADIC/ ANO 3 depletion ratio is only -8.6 within the Bellingshausen Sea [Turner and Owens, 1995] , global warming may have little impact on nitrogen fixation, unless the endosymbionts are a significant factor of the nitrogen economy at high latitudes.
